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, $(y_{*}>0)$ . ,
$t_{*}=0$ $(y_{*}<0)$ $\triangle T$ , .
1:
;
$\frac{\partial\zeta_{*}}{\partial t_{*}}=-\frac{\partial(_{*}}{\partial y_{*}}\frac{\partial\psi_{*}}{\partial z_{*}}+\frac{\partial(_{*}}{\partial z_{*}}\frac{\partial\psi_{*}}{\partial y_{*}}+\alpha g^{\frac{\partial T}{\partial y_{*}}}*+I\text{ }\nabla^{2}\zeta_{*}*$
’ (1)





$\alpha,$ $g,$ $\mathcal{U},$ $\Gamma,$ $\kappa$ , , , , , , ,
( ), $T$ $(T_{B})$
. , , $\zeta_{*}\equiv-\mathrm{v}_{*}^{2}\psi_{*}$ . , $”*$ ”
.
.
$\psi_{*}$ $=$ $0$ (3)





$t_{*}$ : $( \frac{\sqrt{\kappa}}{\alpha g\triangle T})^{\frac{2}{3}}$
$(y_{*}, z_{*})$ : $( \frac{\kappa^{2}}{\alpha g\triangle T})^{\frac{1}{3}}$
$\zeta_{*}$ : $( \frac{\sqrt{\kappa}}{\alpha g\triangle T})^{-\frac{2}{3}}$
$\psi_{*}$ : $\kappa$ (5)
, ;
$\frac{\partial\zeta}{\partial t}$ $=$ $- \frac{\partial\zeta}{\partial y}\frac{\partial\psi}{\partial z}+\frac{\partial\zeta}{\partial z}\frac{\partial\psi}{\partial y}+\frac{\partial T}{\partial y}+Pr\nabla^{2}\zeta$, (6)
$\frac{\partial T}{\partial t}$ $=$ $- \frac{\partial T}{\partial y}\frac{\partial\psi}{\partial z}+\frac{\partial T}{\partial z}\frac{\partial\psi}{\partial y}+\Gamma’\frac{\partial\psi}{\partial y}+\nabla^{2}T$ . (7)







$\Gamma\frac{(\frac{\kappa^{2}}{\alpha g\triangle T})^{\frac{1}{3}}}{\triangle T}$
$=$ $\alpha g\Gamma(\frac{\sqrt{\kappa}}{\alpha g\triangle T})^{\frac{4}{3}}$ (9)
.
$\psi$ $=$ $0$ (10)





, , . ,
\Gamma / . ,
, $Pr$ .
$\frac{\partial(}{\partial t}$ $=$ $\frac{\partial T}{\partial y}+Pr\nabla^{2}$ ( (12)
$\frac{\partial T}{\partial t}$ $=$ $\nabla^{2}T$ (13)
, .
, $\sqrt{t}$ . , –
.
,
, (diffusion regime ) .
, ,
(12) ,T 1 $(T_{*}\sim\triangle T)$ ,
$1/\sqrt{t}$ . $Pr\nabla^{2}\zeta$ .
,\mbox{\boldmath $\zeta$}/t , ,\mbox{\boldmath $\zeta$}
. , $\psi$ t3/2 .
,(13) \Gamma / \Gamma /t . $\nabla^{2}T\sim$









$\frac{\partial\zeta}{\partial t}$ $=$ $- \frac{\partial\zeta}{\partial y}\frac{\partial\psi}{\partial z}+\frac{\partial\zeta}{\partial z}\frac{\partial\psi}{\partial y}+\frac{\partial T}{\partial y}+Pr\nabla^{2}\zeta$ (14)
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$\frac{\partial T}{\partial t}$ $=$ $- \frac{\partial T}{\partial y}\frac{\partial\psi}{\partial z}+\frac{\partial T}{\partial z}\frac{\partial\psi}{\partial y}+\nabla 2T$, (15)
, $\mathrm{H}.\mathrm{T}$ . Rossby ,
1 .
.
$\frac{\partial\zeta}{\partial t}$ $=$ $- \frac{\partial\zeta}{\partial y}\frac{\partial\psi}{\partial z}+\frac{\partial\zeta}{\partial z}\frac{\partial\psi}{\partial y}+\frac{\partial T}{\partial y}+Pr\frac{\partial^{2}\zeta}{\partial z^{2}}$ (16)
$\frac{\partial T}{\partial t}$ $=$ $- \frac{\partial T}{\partial y}\frac{\partial\psi}{\partial z}+\frac{\partial T}{\partial z}\frac{\partial\psi}{\partial y}+\frac{\partial^{2}T}{\partial z^{2}}$, (17)






$t_{*}$ : $(\alpha g\Gamma_{*})^{-\frac{1}{2}}$
$(y_{*}, z_{*})$ : $\sqrt{\kappa}(\alpha g\Gamma_{*})^{-\frac{1}{4}}$
$\zeta_{*}$ : $\frac{\alpha g\triangle T}{\sqrt{\kappa}(\alpha g\Gamma_{*})^{\frac{1}{4}}}$
$\psi_{*}$ : $\sqrt{\kappa}\alpha g\triangle T(\alpha g\Gamma_{*})^{-\frac{3}{4}}$ (19)
, $\Gamma’$ $(\Gamma’arrow\infty)$ ,
.
$\frac{\partial\zeta}{\partial t}$ $=$ $\frac{\partial T}{\partial y}+Pr\nabla^{2}\zeta$ (20)




$\frac{\partial\zeta}{\partial t}$ $=$ $\frac{\partial T}{\partial y}+Pr\frac{\partial^{2}\zeta}{\partial z^{2}}$ (22)







. , \eta (
$\zeta$ $T$ ) , .
$\eta$ $=$ $R(t)\eta 0(Y(y, t),$ $Z(z, t),$ $Pr,$ $\tau)$
$=$ $R(t) \eta_{0}(\frac{Y}{\ell(t)},$ $\frac{z}{\delta(t)},$ $Pr,$ $\Gamma \mathrm{I}\cdot$
,\eta 0 $t$ [ .
,\mbox{\boldmath $\zeta$}(y, $z,$ $t$ ) $=R(t)(0(Y, Z),$ $\tau(y,$ $z,$ $t\mathrm{I}=T_{0}(Y, z)$ ,
$\zeta_{0}$ , To . $T$ 1
.
$(y, z, t)$ $arrow$ $(Y(y, t),$ $z(Z, t),$ $t)$ (24)
$Y$ $=$ $\frac{1}{\ell(t)}y$ (25)
$Z$ $=$ $\frac{1}{\delta(t)}z$ (26)
. $t$ $=$ $t$ (27)
4.1 :
(6) (7) . , .
$(- \frac{\ell’}{\ell}Y\frac{\partial}{\partial Y}-\frac{\delta’}{\delta}Z\frac{\partial}{\partial Z}+\frac{\partial}{\partial t})R\zeta_{0}$ $=$ $\frac{1}{p}\frac{\partial T_{0}}{\partial Y}+Pr(\frac{1}{\ell^{2}}\frac{\partial^{2}}{\partial Y^{2}}+\frac{1}{\delta^{2}}\frac{\partial^{2}}{\partial Z^{2}})R\zeta 0$ (28)




$\frac{\ell’}{p}$ $\frac{\delta’}{\delta}$ , (30)
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$\frac{\partial}{\partial t}\ln\ell=$ $\frac{\partial}{\partial t}\ln\delta$
$\ln\ell-\ln\delta$ $=$ $c$
$p$ $=$ $c\delta$
,l $\delta$ . (33) ,
$\ell l’$ $=$ 1







$(- \frac{1}{2}Y\frac{\partial}{\partial \mathrm{Y}}-\frac{1}{2}z\frac{\partial}{\partial Z}+\frac{1}{2})\zeta_{0}$ $=$ $\frac{\partial T_{0}}{\partial Y}+Pr(\frac{\partial^{2}}{\partial Y^{2}}+\frac{\partial^{2}}{\partial Z^{2}})\zeta_{0}$ (36)





$- \frac{5}{4}Y\frac{\partial}{\partial Y}-\frac{1}{2}z\frac{\partial}{\partial Z}-\frac{1}{4})\zeta_{0}$ $=$ $- \frac{\partial\zeta_{0}}{\partial Y}\frac{\partial\psi_{0}}{\partial Z}+\frac{\partial\zeta_{0}}{\partial Z}\frac{\partial\psi_{0}}{\partial Y}+\frac{\partial T_{0}}{\partial Y}+Pr\frac{\partial^{2}}{\partial Z^{2}}\zeta 0$ (38)
$5_{\mathrm{Y}\nearrow}\partial$ 1
,
$\partial)_{m}$ $\partial T_{0}\partial\psi_{0}$ . $\partial T_{0}$ $\partial\psi_{0}$ . $\partial^{2}$
$-Y—z\overline{4}\overline{\partial Y}\overline{2}\overline{\partial}-Zl^{T_{0}}$
$=$
$-_{\overline{\partial Y}^{\frac{-t\mathrm{u}}{\partial Z}}}-- \cup\cdot.+\vee\overline{\partial}\wedge Z^{\cup}\overline{\partial Z^{2}}\frac{\vee\backslash r\cup}{\partial Y}+\vee T0$ , (39)
$\zeta 0=-\frac{\partial^{2}\psi_{0}}{\partial Z^{2}}$ .
141









$(- \frac{3}{2}Y\frac{\partial}{\partial Y}-\frac{1}{2}Z\frac{\partial}{\partial Z}-\frac{1}{2})\zeta_{0}$ $=$ $\frac{\partial T_{0}}{\partial Y}+Pr\frac{\partial^{2}}{\partial Z^{2}}\zeta 0$ (43)






$R(t)$ $=$ $t^{-\frac{1}{2}}$ (47)
,
$\delta(T)$








. ,\psi (y, $z,$ $t$ ) $T(y, z, t)$
, . ,










4 . \psi ,
, .
3.


















$\mathrm{P}\mathrm{r}=]_{\ovalbox{\tt\small REJECT}}$, $\Gamma$ $’=0$












$\sqrt$\mbox{\boldmath $\kappa$}t . $t$ 1/2 .
2.
$p(t)$ ,t 5/4
,t , \mbox{\boldmath $\delta$}(t)
$\int\sqrt{g’\delta_{*}(t_{*})}dt_{*}$
. $g’$ reduced gravity $(\alpha g\Delta T)$ . ,
( ,
.
$\ell_{*}(t)$ $=$ $( \frac{\kappa^{2}}{\alpha g\triangle T})^{\frac{1}{3}}p(t)$
$=$
$( \frac{\kappa^{2}}{\alpha g\triangle T})\frac{1}{3}t^{5/4}$
.
$=$ $( \frac{\kappa^{2}}{\alpha g\triangle T})^{\frac{1}{3}}(\frac{\sqrt{\kappa}}{\alpha g\triangle T})^{-\frac{2}{3}\cdot\frac{5}{4}}t_{*}^{5/4}$
$\propto$ $\int\sqrt{g’\delta_{*}}dt_{*}$ (48)
, ,






$l_{*}(t)$ $=$ $\sqrt{\kappa}(\alpha g\Gamma*)^{-\frac{1}{4}\iota l}e(t)$
$=$ $\sqrt{\kappa}(\alpha g\Gamma*)-\frac{1}{4}t3/2$
$=$ $\sqrt{t\mathrm{i}}(\alpha g\Gamma*)^{-}\frac{1}{4}(\alpha g\Gamma_{*})^{\frac{1}{2}\frac{3}{2}}.t^{3/2}*$
$\propto$ $\int N\sqrt{\kappa t_{*}}dt_{*}$ , (49)
$N$ $(\sqrt{\alpha g\Gamma})$ . , $-\mathrm{K}\triangleright$




6.2 ( ) /







$( \frac{\text{ }{\sqrt{\alpha g\triangle T\sqrt{\kappa}}}})^{\frac{4}{5}\frac{1}{2}}$
$=$
$( \frac{\text{ }\kappa}{\sqrt{\alpha g\triangle T}})^{\frac{2}{5}}$
$=$
$( \frac{\alpha g\triangle T\text{ ^{}3}}{\kappa^{2}})^{-\frac{1}{5}}$ L. (50)





$( \frac{\text{ }\kappa}{\sqrt{\alpha g\Gamma}})^{\frac{1}{3}}$
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$=$
$( \frac{\alpha g\Gamma \text{ ^{}4}}{\kappa^{2}})^{-\frac{1}{6}}\text{ }$ . (51)
Pr Kimura – . ,H.T.Rossby Kimura
, ,
.
,Niino , $\frac{N}{\omega}(\frac{\kappa}{\omega})^{1/2}$ .







. \psi . (13) ,
,






. (13) \Gamma ’









. (9) \Gamma /(
.
$\Gamma’=\frac{}(^{\text{ } }\langle \text{ })^{2}}{\text{ }$
, $\Gamma’$
. ,\Gamma ’ $\gg 1$





$\sqrt{\kappa t_{*}}$ $<<$ $\int\sqrt{\alpha g\triangle T\sqrt{\kappa t_{*}}}dt_{*}$




$\sqrt{\kappa t_{*}}$ $<<$ $\int\sqrt{\alpha g\Gamma}\sqrt{\kappa t_{*}}dt_{*}$




$\int\sqrt{\alpha g\triangle T\sqrt{\kappa t_{*}}}dt_{*}$ $<<$ $\int\sqrt{\alpha g\Gamma}\sqrt{\kappa t_{*}}dt_{*}$
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